Introduction
The hallmarks of lentivirus infection are persistent and latent infection in the natural host. Despite significant advances in the study of lentivirus infections, our present knowledge of the pathogenic mechanisms involved remains incomplete. However, a better characterization of virus latency is likely to be the key to understanding virus pathogenesis.
Primary infection with human immunodeficiency virus type 1 (HIV-1) is usually followed by a long period, lasting up to several years, of clinical latency associated with low or undetectable levels of virus replication in peripheral blood mononuclear cells (PBMC) (Coombs et al., 1989; Fauci, 1988; Ho et al., 1989) . Recently, the molecular basis of cellular latency of HIV-1 has become clearer (Bednarik & Folks, 1992; Pomerantz et al., 1992a) . In the PBMC from asymptomatic HIV-1-infected individuals, it has been observed that viral replication is blocked at an early stage of gene expression, and the expression of the spliced transcripts that encode viral regulatory proteins predominates over unspliced genomic transcripts (Arens et al., 1993; Gupta et al., 1993; Schnittman et al., 1991; Seshamma et al., 1992) . On progression to AIDS, however, expression of unspliced transcripts in PBMC is enhanced (Gupta et al., 1993; Michael et al., 1992; Saksela et al., 1994) . These findings in vivo reflect those obtained with in vitro models of HIV-1 latency, which show a preponderance of multiply spliced over unspliced transcripts (Michael et al., 1991; Pomerantz et al., 1990 Pomerantz et al., , 1992b . Thus, it is considered that this 'blocked early-stage latency' in the PBMC and cell lines may be due to low levels of transcription and low levels of the virus-encoded regulatory proteins, Rev and Tat, which are required for the accumulation of unspliced viral RNA and for the elongation of transcripts, respectively (Cullen & Greene, 1989) .
Feline immunodeficiency virus (FIV) also belongs to the lentivirus genus of retroviruses, and the morphology, protein composition, and Mg 2+ dependency of the reverse transcriptase (RT) are similar to those of other members of the lentiviruses including HIV-1 (Pedersen et al., 1987; Yamamoto et al., 1988) . FIV has a tropism for the CD4 + and CD8 + subsets of T cells, macrophages, immunoglobulin-positive cells, and other cells in vivo and in vitro (Brown et al., 1991; Brunner & Pedersen, 1989; English et al., 1993; Kawaguchi et al., 1992; Toyosaki et al., 1993) . FIV also causes a slowly progressive multiorgan disease in infected cats and shows considerable patho-genic similarities to HIV-1 (Ishida et al., 1989; Pedersen et al., 1987; Yamamoto et al., 1988) . It is, therefore, considered to be a useful small animal model of HIV-1 infection in man.
As with HIV infection in man, FIV infection in cats results in a transient viraemia followed by an extended period with low or undetectable levels of cell-free virus in plasma (Matteucci et al., 1993; Meers et al., 1992) . Cats also develop FIV-specific neutralizing antibodies (Baldinotti et al., 1994; Hohdatsu et al., 1993; Yamamoto et al., 1991 Yamamoto et al., , 1993 and cytotoxic T cells (Flynn et al., 1994; Song et aI., 1992) . Despite these immunological responses, persistent viral infection occurs, and infectious virus can generally be isolated from cat PBMC at any time during infection (Matteucci et al., 1993; Meers et aI., 1992; Miyazawa et al., 1989a) .
In all stages of FIV infection, even in the long term, chronically infected period, numerous cells harbouring FIV provirus can be detected in the PBMC (Lawson et al., 1993; Meers et al., 1992; Rimstad & Ueland, 1992) . However, the replication status of FIV in chronically infected cats has not previously been studied in detail. Furthermore, at the outset of this study it was still unknown whether the FIV provirus is transcriptionally active or quiescent in the peripheral blood cells harbouring FIV provirus.
In this study, we examined the temporal expression pattern of FIV transcripts in PBMC from chronically FIV-infected, asymptomatic cats by a quantitative RT PCR method. This study revealed that the expression of multiply spliced mRNAs predominated over unspliced and singly spliced mRNAs in the PBMC. However, stimulation of the PBMC in vitro induced readily detectable expression of unspliced and singly spliced mRNAs in association with differential increases of each multiply spliced mRNA. Our results indicate that the FIV provirus found in PBMC is transcriptionally competent but partially expressed in vivo. Moreover, it appears that the differential increase in each multiply spliced mRNA may play an important role in the activation of virus from latent infection in vivo.
Methods
FIV injection of cats. PBMC were taken from two experimentally infected specific-pathogen-free (SPF) cats (C-103 and C-104) with established infection and from one uninfected SPF cat (C-112). Cats C-103 and C-104 were infected intraperitoneally 6.5 years ago with 0.5 ml of peripheral blood from cats infected with FIV strains TM 1 and TM2, respectively. A more detailed description of the infection and follow-up of these cats in the early stages of infection was given in Miyazawa et al. (1989a) . At the time of blood sampling in the present study, these FIV-infected cats were still seropositive but clinically healthy and showed no clinical signs of feline AIDS-related complex. In addition to these experimentally infected cats, PBMC were obtained from nine naturally FIV-infected cats that were positive for FIV antibody and negative for feline leukaemia virus antigen when tested using a commercial kit (Cite Combo FIV-FeLV; Agritech Systems) and used for RT-PCR analysis.
Sample collection and preparation. Peripheral blood was obtained by venipuncture. PBMC were purified immediately after blood withdrawal using Ficoll-Hypaque density gradient centrifugation as described previously (Miyazawa et aL, 1989 b) , washed twice with cold PBS, and either stored as a frozen pellet until analysed or resuspended in RPMI 1640 with 10% fetal calf serum plus antibiotics when used for in vitro activation studies. For in vitro activation of the PBMC, phytohaemagglutinin (PHA; Sigma) or concanavalin A (ConA; Pharmacia) were added to the RPMI 1640-cultured PBMC, and at an appropriate time afterwards, the cells were collected, washed twice with cold PBS, and stored as a frozen pellet.
Virus isolation from cat plasma. Heparinized blood was obtained from FIV-infected cats, centrifuged twice at 3000 g for 10 min, and the cell-free plasma supernatants were removed. Cell-free plasma (200 ixl) was filtered (filter pore size, 0.45 gm) and added to 106 feline Tlymphoblastoid cells (MYA-1 cells) (Miyazawa et al., 1989 b) . The cellfree culture supernatants were monitored every 3 to 4 days for Mg 2÷-dependent virion-associated RT activity as described previously (Tomonaga et al., 1993a) . For quantification, spots on DE81 paper were cut out and RT activity was determined by scintillation counting.
Nucleic acid extraction. Total cellular RNA was extracted from the PBMC pellets by the guanidium thiocyanate method, as previously described (Chomczynski & Sacchi, 1987) . For extraction of viral RNA in plasma samples, pellets were obtained by centrifuging 1 ml of the plasma passed through 0-45 gm-pore-size filters. To extract cytoplasmic RNA, the cell pellets were resuspended in 300 gl of ice-cold lysis buffer (50 mM-Tris-HC1 pH 8.0, 100 mM-NaC1, 5 mM-MgC12, and 0.5 % NP-40). After incubation on ice for 5 min, the nuclei were pelleted by centrifugation at 13000 r.p.m, for 1 min at 4 °C. The supernatant was removed to a new tube and then incubated with appropriate amount of Proteinase K for 15 min at 37 °C. The lysate was extracted twice in phenol-chloroform-isoamyl alcohol (25:24:1) and RNA was precipitated in 1/10 volume of 3 N-sodium acetate pH 5.2 and ethanol at -20 °C for several hours. The RNA preparations were treated for 1 h with 100U of RNase-free DNase (Boehringer Mannheim Yamanouchi) in the presence of 20 U of placental RNase inhibitor (Toyobo), extracted with phenol-chloroform and precipitated with ethanol. High-molecular-weight DNA was extracted by standard methods and incubated for 1 h with 100 U of boiled RNase A (Boehringer Mannheim Yamanouchi) before addition of Proteinase K to the lysates. As a positive control, nucleic acids were isolated from MYA-1 cells infected with FIV strain TM2 and their culture supernatant.
Synthetic oligonucleotide primers. Ten amplification primers were used for detection of FIV-specific transcripts in this study. The locations of these primers are indicated in Fig. 1 . The nucleotide sequences and exact positions of the primers are as follows (strain TM2 nucleotide numbers are given within parentheses). Primers: KA-14, 5' GTCTCTGGTATATCACCTGG Y (800 to 781); KA-16, 5' GTAA-TGTTCCTCTTGAGGTG 3' (6673 to 6654); KA-17, 5' GTTGAC-GGTGTGCCAAACAG 3' (9061 to 9042); KS-24, 5' GAACCCTG-CACTCTTCCTGA Y (5217 to 5236); KS-25, 5' GATAGAGAACC-AGCTATTAG 3' (6043 to 6062). Primers PR-1, KA-2, KA-4, KA-5, and KS-6 were described previously as PRLTS, PRVIA, PROAA, PRENA and PRENS, respectively (Tomonaga et al., 1992 (Tomonaga et al., , 1993b out in a total volume of 20 lal containing 75 mM-KC1, 50 mu-Tris-HC1 pH 8.3, 5 mM-MgCle, 0"01 M-DTT, 10 mM of each dNTP, 10 U of RNasin (Toyobo), 10 U of Moloney murine leukaemia virus RT (Gibco BRL) and 50 pmol of the antisense oligonucleotide primer. The reaction mixture was incubated at 45 °C for 2 h. PCR amplification of single-stranded DNA was carried out after the addition of 50 pmol of the sense oligonucleotide primer and 2.5 U of Taq DNA polymerase (Saiki et al., 1988 ) (Perkin-Elmer Cetus). The reaction mixture was overlaid with 1 drop of mineral oil (Sigma) and incubated at 94 °C, 57 °C, and 72 °C for 1, 2, and 2 min, respectively. This cycle was repeated 30 times in a Perkin-Elmer Cetus DNA Thermal Cycler P J2000.
Analysis of PCR products. PCR products were analysed on 5 % polyacrylamide gels, and visualized by UV fluorescence after staining with ethidium bromide. To denature DNA before blotting, gels were soaked in 0.5 M-NaOH, 1.5 M-NaC1 for 10 min, washed twice with H~O, and neutralized with 1.0 M-Tris-HCI pH 7.4, 1.5 M-NaC1 for 10 rain. The DNA was transferred to nylon membrane by electroblotting at 36 mA for 16 h in 2 xTBE buffer (0.1 M-Tris-HCI pH 8'3, 0.1 N-boric acid, 2.0 mM-EDTA) at 4 °C. After cross-linking of DNA, the membranes were prehybridized for 1 h at 37 °C. Hybridizations were performed overnight with 32P-labelled probes. When necessary, radioactivities of the hybridization signals from RT-PCR analyses were quantified by the use of a radioanalytical imaging system. By limiting cell dilution RT-PCR and Southern blot analysis, the primers used here could be used to detect FIV-specific transcripts in one FIV-infected MYA-1 cell in a background of 106 uninfected MYA-1 cells.
Results

Detection of viral DNA and RNA in feline PBMC and plasma samples
For detection of the FIV-specific DNA and RNA in two experimentally infected cats, we constructed ten sense and antisense primers that match precisely the sequence of FIV strain TM2 used for inoculation of cat C-104. Although cat C-103 was inoculated with another strain of [:IV (TM 1), it was confirmed that the sequences of the two strains were highly conserved (Maki et aL, 1992) and that the primers could amplify the sequences of both strains. The locations of the primers are indicated in Fig. 
(a).
To detect FIV proviral DNA, genomic DNA was prepared from the PBMC of three SPF cats and FIV TM2-infected MYA-1 cells. One gg of each RNase A- treated DNA was then used as the template for PCR amplification employing the primer pair, PR-1/KA-14, which is predicted to amplify a 364 bp fragment specific for FIV proviral DNA. As shown in Fig. 2 (a), FIVspecific DNAs were clearly detected in both infected cats (Fig. 2a, lanes I and 2) . In contrast, no FIV signal was observed in the PBMC fi'om an uninfected cat ( Fig. 2 a, lane 3). Next, to look for viral RNA in plasma, 1 ml plasma samples were filtered and pelleted (see Methods) and RNA was extracted. R T -P C R was performed with DNase-treated RNAs under the established conditions with the primer pair PR-1/KA-14. As shown in Fig. 2 (b), no viral RNA was detected in plasma samples from either experimentally infected or uninfected cats ( Fig. 2 b, lanes 1-3). Even after prolonged exposure of the autoradiogram, we could not observe any specific signals for the viral RNA (data not shown). Furthermore, infectious FIV could not be isolated from 200 pl of plasma-inoculated cultures during the observation period (see Fig. 4b ). From this observation, we could find no evidence for the presence of cell-free virus in the plasma of these experimentally FIV-infected, asymptomatic cats.
Quantitative RT-PCR analysis' of FIV-specific RNAs
We next analysed the transcriptional pattern of FIV in the PBMC to establish the replication status of FIV in the chronically infected cats. For detailed examination, six different pairs of the amplification primers were used. The RNA species and sizes corresponding to the predicted amplified products are shown in Table 1 .
To determine first whether FIV-specific RNAs could be quantified using these primer pairs and our R T -P C R procedure, sequential twofold dilutions of total cellular RNA from FIV TM2-infected MYA-1 cells were subjected to R T -P C R analysis. The signals generated by the R T -P C R were quantitative across a 500-fold range of RNA concentrations with all primer pairs tested. Fig. 3 (a * RNA species and sizes indicated here are predicted from the RNA splicing pattern of FIV strain TM2 (Tomonaga et al., 1993b) .
shows the results of RT-PCR analysis obtained using primer pairs PR-1/KA-14, PR-1/KA-2, and KS-6/KA-17. Primer pair PR-1/KA-14 generates a fragment specific for genomic RNA or intracellular full-length FIV mRNA. The primer pair PR-1/KA-2 will generate a fragment specific for singly spliced v~f m R N A (Tomonaga et al., 1992) because the KA-2 primer is located immediately downstream of a non-coding exon (termed 2A) (Fig. l b) , which is employed for many multiply spliced transcripts Tomonaga et al., 1993 b) . The primer pair KS-6/KA-17, separated by the intron between the two coding exons of rev was used to amplify a fragment from all multiply spliced transcripts (Table l) . In all cases, signal intensities increased with input RNA. Although the magnitude of the increase in signal intensities was not linear and reached a plateau in some cases, this is probably because concentrations of the RNA or oligonucleotides were limiting. Furthermore, we have obtained similar results using limiting dilutions of FIV-infected cells as template in this R T -P C R procedure; the increasing specific signal intensities were observed according to the ratio of FIV-infected cells (K. Tomonaga & T. Mikami, unpublished results) . From these observations, we estimated that these primer pairs and R T -P C R procedure could be used for quantitative analysis of FIV-specific RNA in infected cells.
Analysis of transcriptional patterns of FIV in the P B M C
To determine the transcription pattern of FIV in two experimentally infected cats, both total cellular and cytoplasmic RNAs were extracted from the PBMC, because presence of RNA in total cellular RNA does not necessarily equate with translational usage. As a positive control, RNA was extracted from MYA-1 cells infected with FIV strain TM2. One lag of each DNase-treated RNA sample was subjected to R T -P C R in parallel, and 10 lal of each amplification product was analysed on 5 % polyacrylamide gel. Detection of viral transcripts in PBMC by using various pairs of oligonucleotide primers. One gg of each DNase-treated RNA sample was subjected to RT PCR analysis. Ten 14 of each PCR product was analysed on 5 % polyacrylamide gel, and hybridization was performed. Primer pairs used for the RT-PCR analysis are indicated on the left. All fi'agments migrate to the expected size on the gel. Lanes: 1~4, total RNA: 5 8, cytoplasmic RNA; 1 and 5, cat C-104 (TM2-infected); 2 and 6, cat C-103 (TM 1-infected); 3 and 7, cat C-112 (uninfected); 4 and 8, positive control (TM2-infected MYA-1 cells). Fig. 3 (b) shows the result of the R T -P C R using three sets of primer pairs. When the primer pair PR-1/KA-14 was used, the unspliced full-length RNA was detected in total RNAs from both infected cats but only at low levels in cat C-103 (Fig. 3b, lanes 1 and 2) , whereas a weak signal was detected in cytoplasmic RNA only from cat C-104 (Fig. 3 b, lane 5) . To detect the expression of singly spliced RNAs in the PBMC, we generated two different primer pairs. One pair of primers, PR-1/KA-2, detected a fragment specific for v/f mRNA, as described above. Another pair, PR-1/KA-16, was used to amplify the fragments specific for env mRNA, since the primer KA-16 is located just downstream of the splice donor 3 (SD3) at the 5' end of the env ORF (Fig. 1 a; Table 1 ). As shown in Fig. 3 (b) , singly spliced FIV vif m R N A was detected only in the total RNA sample from cat C-103 at low intensity but not in the cytoplasmic RNA samples (Fig.  3 b) . On the other hand, no fragment specific for the env mRNAs was observed in either infected cat, although in RNAs from strain TM2-infected cells the specific signals were clearly detected (Fig. 3 b) . Even on longer exposure of the autoradiogram, we could not find the specific signals (data not shown). From these observations, it was concluded that undetectable or extremely low levels, if any, of unspliced and singly spliced transcripts were present in PBMC from the experimentally infected cats.
Next, to investigate the pattern of FIV specific transcripts in more detail, we used another three sets of primer pairs (Fig. 3c) . The primer pair, PR-1/KA-4, should generate two fragments (Table 1) . The shorter fragment is specific for m R N A that joins splice donor 1 (SD1) with splice acceptor 2 (SA2). The longer fragment is 68 bp longer than the shorter fragment, since the longer fragment represents mRNAs employing SA 1 and SD2, which span the non-coding exon 2A, as well as SD1 and SA2. The primer pair, PR-1/KA-5, will also detect two fragments. The shorter fragment is specific for m R N A that spans SD1 to SA3. The longer fragment represents mRNA that contains the non-coding exon 2A. Because expression of env m R N A was not observed in the PBMC from either infected cat (Fig. 3b) , it is considered that the fragments detected by these two primer pairs reflect expression of multiply spliced mRNAs that join SD3 with SA4. Thus, it is considered that fragments detected by the primer pairs PR-1/KA-4 and PR-1/KA-5 are specific for bicistronic mRNAs that encode ORF-A and rev genes (Tomonaga et al., 1994) and monocistronic rev mRNAs, respectively.
The primer pair PR-1/KA-4 detected the two specific fragments in both total and cytoplasmic RNA samples from cat C-104, although the levels of the upper fragment in cytoplasmic RNA were relatively low (Fig. 3 c, lanes  1 and 5) . In the case of cat C-103, the intensity of upper fragment in the total RNA sample was much less than that in cat C-104, and we could not detect the specific signal in the cytoplasmic RNA sample (Fig. 3 c, lanes 2  and 6) , indicating that an extremely low level of multiply spliced bicistronic m R N A containing non-coding exon 2A was expressed in the PBMC from cat C-103. By using the primer pair PR-1/KA-5, although the two specific signals were clearly demonstrated in the cells infected with the strain TM2, only the lower fragment was detected in RNA samples from cat C-104 (Fig. 3 c, lanes  1 and 5) . On longer exposure, a low level of the longer fragment could be seen in the both total and cytoplasmic RNA samples from cat C-104 (data not shown). On the other hand, no specific signal was demonstrated in RNA samples from cat C-103 even on longer exposure (Fig.  3 c, lanes 2 and 6) . The reason for this phenotype in cat C-103 is considered to be that the inoculum strain TM1 lacks the analogous SA3 site. The first nucleotide upstream of the analogous SA3 site in strain TM1 sequence differs from that in strain TM2 sequence (GCAG/ATA T [TM2]; GCAA_/ATAT [TM1]). From this observation, it appeared that strain TM 1 would not produce monocistronic rev mRNAs, as was shown for two isolates from the USA Tomonaga et al., 1993 b) . The primer pair, KS-6/KA-17, clearly detected specific fragments in RNA samples from both infected cats but at relatively lower intensity in RNA from cat C-103 compared to cat C-104 (Fig. 3c ).
These observations demonstrate that multiply spliced mRNAs encoding FIV regulatory proteins predominate in the PBMC from these experimentally FIV-infected, asymptomatic cats compared to unspliced and singly spliced mRNAs, but also indicate that differential expression was observed among multiply spliced mRNAs.
Transcriptional patterns of FIV in naturally infected cats
Next, to investigate whether the FIV transcription pattern observed in the experimentally infected cats also One ~tg of cytoplasmic RNA from each culture sample was subjected to RT PCR analysis by using primer pair PR-1/KA-17, and analysed as in occurs in naturally FIV-infected cats, we examined PBMC from nine naturally infected cats by R T -P C R . At the time of sampling, these cats were asymptomatic and showed no evidence of feline AIDS-related complex.
With the primer pairs used here, FIV-specific fragments were efficiently amplified from genomic DNAs from PBMC of the naturally infected cats (data not shown).
To detect FIV-specific transcripts, RNAs were extracted and subjected to R T -P C R analysis as described above.
The results are summarized in Table 2 . The multiply spliced m R N A s were clearly detected in all RNAs from the naturally infected cats, while the unspliced and singly spliced m R N A s could be detected only in a few samples. However, the signal intensities of the unspliced and singly spliced m R N A s detected were much less than those of multiply spliced m R N A s (Table 2 ). In one cat (8549) all species of m R N A s were detected in the R N A sample, but the intensities of the singly spliced m R N A s were extremely low compared with the multiply spliced species ( < 15%). This observation demonstrated that the predominant expression of multiply spliced m R N A s in peripheral blood cells is also a feature of naturally infected, asymptomatic cats.
Expression of the unspliced and singly spliced transcripts in the P B M C by in vitro stimulation
Although the intensities of FIV-specific D N A signals in the PBMC from chronically FIV-infected cats indicated that a high percentage of the cat PBMC carried proviruses, we found no evidence of viral replication in the peripheral blood. To test whether viral replication could be induced in these cells by cellular activation, we collected a large volume of blood from the experimentally infected cats and analysed R N A expression in the cytoplasm of PBMC before and after in vitro stimulation with 2 ~tg/ml P H A or 10 ~tg/ml ConA. Before stimulation, the expression patterns of unspliced and singly spliced transcripts were consistent with those in the samples displayed in Fig. 3 (b) , indicating the stability of the phenotype. However, after only 3 h of in vitro stimulation with PHA, expression of both unspliced and singly spliced FIV RNAs was evident and readily detected at the expected size in the PBMC from cat C-104 by R T -P C R (Fig. 4a) . In PBMC from cat C-103, the unspliced and singly spliced FIV RNAs also appeared 3 to 6 h after stimulation (data not shown). Since this time analysis was determined by the use of a radioanalytical imaging system. Relative increases of each fragment were calculated by dividing the amount of radioactivity of each signal from PBMC after stimulation by the amount of radioactivity of the signal from unstimulated PBMC. is too short to allow virus spread, FIV expression must have been induced in cells present in the original sample. By stimulation with ConA, similar results were obtained in the PBMC of both cats (data not shown). Furthermore, to confirm that stimulated PBMC produced virus, we collected culture supernatants 48 h after stimulation, and 200 gl aliquots were used to infect l0 s MYA-1 cells. As shown Fig. 4 (b) , virion-associated RT production was detected in the supernatants of MYA-1 cells infected with the supernatants from stimulated PBMC. From these results, it was shown that the FIV provirus in the PBMC of experimentally infected cats is transcriptionally competent but in a latent state in vivo.
Differential expression o f multiply spliced m R N A s in stimulated P B M C
For HIV-1, recent studies have revealed that the expression levels of multiply spliced mRNAs encoding viral regulatory proteins are critical for productive virus replication and expression in chronically infected cell lines (Adams et al., 1994; Cannon et al., 1994; Duan et al., 1994; Pomerantz et al., 1992b) . We next investigated the temporal expression pattern for each multiply spliced mRNA during activation of virus expression from latently infected PBMC. Large numbers of PBMC from both experimentally infected cats were stimulated with PHA in vitro as described above. First, to analyse expression levels of the monocistronic rev mRNAs, which were generated only in cat C-104, the primer pair PR-1/KA-17 was used (Fig. 5 ). This primer pair should detect fragments specific for all multiply spliced mRNAs. However, since the amplification efficiency of larger PCR products is low under these conditions, another set of primer pairs was used to amplify bicistronic multiply spliced mRNA species that encode the ORF-A gene (see below). The results for each primer pair were shown by ethidium bromide staining and hybridization. The structures of transcripts amplified by PCR are indicated by exon numbers present in the products. To detect rev mRNAs specifically, a probe located in central region was used for hybridization (Fig. 5a ). As shown in Fig.  5 (b) , a fragment specific for monocistronic rev mRNA, 1.4.5, was the only product identified before stimulation apart from a small singly spliced transcript (1.5). This phenotype was consistent with the pattern seen in the first sample (Fig. 3 c) , indicating that monocistronic rev mRNA consisting of three exons is produced more abundantly than that containing non-coding exon 2A in unstimulated PBMC. However, monocistronic rev mRNA 1.2A.4.5 was detected by hybridization as early as 3 h after stimulation, although the signal intensity was faint. Furthermore, the signal intensity of this transcript increased gradually until 48 h post-stimulation in the PBMC (Fig. 5b) . On the other hand, no increase in intensity was seen in transcript 1.4.5 after stimulation (Fig. 5b) . Fig. 5(c) shows the relative increases in intensities of each amplification signal after hybridization (a) KA-17 and radioanalytical imaging. The intensity of the transcript 1.2A.4.5 displayed a 25-fold increased level after 48 h stimulation, whereas levels of transcript 1.4.5 did not change during the observation period. This experiment was repeated at least three times with PBMC from another sampling time, and each time we found similar results with significant increases in transcript 1.2A.4.5 after stimulation. Next, changes in the expression levels of the bicistronic mRNAs encoding ORF-A gene as well as rev gene were observed using primer pair KS-25/KA-17. Because primer KS-25 is located just downstream of SA2, this primer pair could amplify a fragment specific for transcript 1.2A.3.5 as well as 1.3.5 (Fig. 6a) , In both PBMC preparations, the transcripts showed abrupt increases immediately after stimulation, and peak intensities were found as 5-fold increases at around 3 to 6 h and 6 to 12 h after stimulation in the PBMC from cats C-104 and C-103, respectively (Fig. 6b, c) . In both samples, however, the amounts of transcript were shown to decrease rapidly thereafter.
To investigate changes in expression of the multiply spliced mRNAs containing non-coding exon 2A that were seen at low levels before stimulation, we next used primer pair KS-24/KA-17. This primer pair should detect two fragments corresponding to the transcripts 1.2A.3.5 and 1.2A.4.5 (Fig. 7a) . In the case of PBMC from cat C-104, the fragment specific for the transcript 1.2A.4.5 showed a gradual increase following stimulation [ Fig. 7b (i) and c]. This pattern was consistent with the results obtained in Fig. 5 . On the other hand, the fragment specific for transcript 1.2A.3.5 showed a transient increase after stimulation, and the peak intensity was 8-fold above resting levels [Fig. 7b (i) and c]. Because strain TM1 lacks a splice acceptor site analogous to SA3, only a fragment specific for the transcript 1.2A.3.5 was found in the PBMC from cat C-103. Although a faint signal of the transcript was detected in the unstimulated state, the signal showed 20-fold increase in 12 h after stimulation (Fig. 7 b (ii) and c) .
From these observations, it was clear that each multiply spliced mRNA that encodes FIV regulatory proteins showed a differential increase upon stimulation, and also suggested that viral activation in the PBMC might be a consequence of this pattern of sequential expression.
Discussion
In this study, we have examined the in vivo state of FIV expression in the peripheral blood cells of chronically FIV-infected, asymptomatic cats. We have shown that FIV was harboured at high levels in PBMC but not in the plasma of these cats (Fig. 2) . Furthermore, we demon-strated by a quantitative RT PCR assay that the expression of unspliced and singly spliced transcripts was extremely low, if present at all, and that the most abundant viral transcripts were multiply spliced mRNAs in the PBMC of these experimentally infected cats. In naturally infected, asymptomatic cats, a similar tendency towards expression of multiply spliced rather than unspliced and singly spliced mRNAs was demonstrated by the RT-PCR analysis. From these observations, we conclude that transcription of FIV in the PBMC of these asymptomatic cats was incomplete, and that the transcriptional pattern of the FIV observed here is similar to that of latent HIV-1 in certain cultured cells and in PBMC from asymptomatic HIV-l-infected patients (Pomerantz et al., 1990; Seshamma et al., 1992) .
The sensitivity of our RT-PCR assay allowed us to determine the cellular basis of the lack of FIV expression in peripheral blood cells. By directly monitoring FIV mRNA expression in the PBMC, we demonstrated rapid and efficient expression of unspliced and singly spliced transcripts upon mitogen stimulation in vitro (Fig. 4) . Previously, Dandekar et al. (1992) also observed transient appearance of viral transcripts in mitogen-activated PBMC from FIV genome-positive, seronegative cats but were unable to demonstrate production of RT or FIV core proteins in these cultures. They indicated that the FIV genome in the cats was replication defective. However, cats used in this study are seropositive and infectious virus was recovered readily from stimulated PBMC. It was clear, therefore, that FIV in these PBMC is not replication defective, and we conclude that cellular latency of FIV does indeed exist in vivo.
The mitogen-stimulated activation of latent FIV in PBMC was similar to the proviral activation observed in certain cell line models of HIV latency (Folks et al., 1987; Michael et al., 1991 ; Pomerantz et al., 1990) . These latently infected cell lines support only very low levels of viral replication when cultured in an unstimulated state but can be induced to produce high amounts of virus when exposed to agents such as phorbol 12-myristate 13-acetate and PHA or cytokines. The increased virus production after such stimulation of these cells is accomplished by strong induction of HIV mRNA. Recently, it was also demonstrated that HIV-1 mRNA expression was activated by mitogen stimulation in chimpanzee PBMC that were latently infected with HIV-1 (Saksela et al., 1993) . Much of this induction is believed to be mediated by interaction of the cellular transcriptional factor NF-IcB with its binding sites in the proviral long terminal repeat. Thus, it is likely that the increased activity of some transcriptional factor is involved in the activation of latent FIV in in vitro stimulated cat PBMC, as was the case for HIV-1 activation. In fact, several functional transcriptional factor binding sites have been identified in the FIV long terminal repeat Thompson et al., 1994) .
Our detailed investigations of FIV transcripts in the PBMC have also demonstrated interesting findings concerning the expression of multiply spliced mRNAs that encode FIV regulatory proteins. One of these was observed in unstimulated PBMC. In the unstimulated state, differential expression of the multiply spliced mRNAs was found; the expression level of some mRNAs containing non-coding exon was very low, although other mRNAs were expressed efficiently (Figs 3, 5 and 7) . Recent studies using in vitro models of HIV-1 latency demonstrated that a threshold level of Rev is required for accumulation of unspliced HIV mRNA and is necessary for the production of infectious virus from the latently infected cells (Pomerantz et al., 1992b) . It was also reported that HIV-1 Tat affects the restricted transcription and replication of HIV-1 in latently infected cells (Adams et al., 1994; Cannon et al., 1994) . For FIV, we previously demonstrated that the RNA expression pattern of a rev-negative mutant mimics the pattern observed in the PBMC and efficient FIV replication is rescued only when sufficient Rev is supplied (Kiyomasu et aI., 1991 ; Tomonaga et al., 1993b) , and that the ORF-A gene is needed for efficient viral replication in peripheral blood cells (Tomonaga et al., 1993a) . Considering the aberrant expression patterns of multiply spliced mRNAs observed here, it is likely that the accumulation of multiply spliced mRNAs in the PBMC is not enough to produce the virus efficiently.
In addition, we obtained another interesting finding by investigating the changes in expression level of each multiply spliced mRNA species during virus activation in latently infected PBMC. The amount of monocistronic rev mRNA with non-coding exon 1.2A.4.5, was very low in unstimulated PBMC, but rose gradually and reached a 25-fold higher level 48 h after stimulation, in contrast to the monocistronic rev mRNA 1.4.5 which was stable during the observation period (Fig. 5) . In addition, mRNAs with bicistronic coding capacity also showed abrupt increases immediately after stimulation in both PBMC populations. In particular, the bicistronic mRNA 1.2A.3.5 in PBMC from cat C-103 showed marked increases. Although strain TM1 can not produce monocistronic rev mRNA, it has been shown that the bicistronic mRNAs can produce Rev as efficiently as the monocistronic rev mRNA (Tomonaga et al., 1994) . It is considered, therefore, that these increases in multiply spliced mRNAs directly reflect the accumulation of Rev, although we could not examine the protein levels directly.
The detection of unspliced and singly spliced mRNAs in the PBMC was associated with this differential increase of each multiply spliced mRNA, suggesting that this shift in expression levels may play an important role in activation of virus from latency in PBMC, although our findings do not exclude the possibility that cellular factors acting in trans might influence the relative virus transcript expression. Furthermore, expression of each multiply spliced mRNA exhibited a differential response to stimulation, indicating the possibility that additional factor(s) involved in the regulation of alternative splicing or accumulation of transcripts exist in the cells and regulate viral activation at the transcriptional level.
This study provides substantial new support for the notion that the FIV-infected cat is a relevant model for the study of the cellular and molecular mechanisms regulating the clinical latency of HIV-1-induced disease. Specifically, these animals could be valuable in understanding the role of the PBMC in the establishment of a latent lentivirus infection. For a complete understanding of the latent state in viva, however, we should analyse transcriptional levels of FIV in lymphatic tissues in the latent stage of infection, because it has been demonstrated that HIV is transcriptionally active in lymphatic tissues throughout the clinically latent period of HIV infection when very little or no HIV mRNA can be detected in the peripheral blood (Pantaleo et al., 1993) . Furthermore, we suggest that FIV may control the state of repressed viral expression and the pathway responsible for viral activation by differential expression of each multiply spliced mRNA. This finding will be of interest and important for the understanding of the molecular mechanisms involved in controlling the maintenance of latent states of lentivirus infection in viva. Further analysis of viral transcription in viva should provide a better understanding of lentivirus pathogenesis, and may serve as a development of antiviral therapies.
